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The use of recombinant DNA technology has increased our understanding of the organization and expression of eukaryotic DNA. While many goals can be achieved with existing technology, certain features ofeukaryotic gene organization are still attainable only with difficulty. In particular, the identification of protein-coding segments within a large block of eukaryotic DNA is quite challenging. One Transformation. Bacterial transformation into LG90 was carried out by standard procedures (8) , with the following modifications. All ligated DNA samples were phenol extracted and ethanol precipitated prior to transformation, which caused a reproducible 5-to 10-fold increase in transformation efficiency. Transformed cells (1 ml) were spread on the appropriate indicator plates containing ampicillin at 25 ,g/ml. Colonies were scored for phenotype on MacConkey agar plates after 24 hr at 370C. If the plates were crowded, the colony phenotype was scored at 48 hr.
Hybrid Protein Analysis. Three-milliliter samples of cells from a saturated culture (grown in L broth containing ampicillin at 50 pug/ml) were centrifuiged, the pellet was suspended in 150 A1 of 1.2-fold concentrated sample buffer (9) and heated at 1000C for 3 min, and the viscosity was reduced by repeated passages through a 22-gauge syringe needle. Between 4 and 8 ,ul of the protein samples were electrophoresed in 7.5% acrylamide gels (9) . Protein blotting was carried out according to published procedures (10) .
f-Galactosidase Assays. These were carried out according to Miller (4) except that .cells were grown in L broth. lacZ-(out of frame) lacZ-RESULTS Our initial hypothesis was that aframeshift mutation placed near the amino terminus of an open reading frame sequence that contains the lacZ sequence at its carboxyl terminus would produce a plasmid that would be phenotypically lacZ-when transformed into E. coli. Furthermore, the insertion offoreign DNA at or near the frameshift could correct the frameshift mutation and generate a lacZ+ insert DNA-containing plasmid. The two constructions shown in Fig. 1A were designed to test this hypothesis. A segment of the ci gene from bacteriophage A terminating at a HindIII site at codon 157 was fused to a lacIZ fragment. The cl gene fragment also contains two lac promoters that are oriented toward cl. Both constructions were identical except that two different lacZ-containing plasmids were used. These two plasmids, pLG200 and pLG400, differ in DNA sequence only in the immediate vicinity of the HindIII site (12) . Because the DNA sequence of the A cI gene is also known (13) , as well as the reading frame of the lacI-lacZ (lacIZ) fusion protein encoded by both pLG200 and pLG400 (12), we could predict the reading frame ofthe two resultant plasmids. Plasmid pMR1 has 24 bases between the lysine codon at amino acid 157 in the ci gene and the leucine codon at the beginning ofthe lad fragment (Fig. 1A) Fig. 2 . Moreover, double digestion of plasmids derived from these red colonies confirms that some of the larger size DNA inserts are indeed derived from the 89-bp Hae III fragment, which has been cloned in both orientations.
The above data suggest that the vector pMR100 can select suitable open reading frame fragments from among a larger group of DNA segments. Because of the nature of the cloning vehicle, a productive DNA insert should be expressed as a part of a larger fusion polypeptide. To verify this prediction, we cloned into pMR100 sonicated DNA (carefully size fractionated to avoid cloning small DNA fragments) derived from a cloned piece of Drosophila melanogaster DNA. Eleven red colonies were chosen for detailed analysis; the data are summarized in Table 2 . Five of the 11 colonies contain proteins that are bigger (by approximately 20,000 daltons) than the initial cI-lacIZ fusion protein, consistent with a DNA insert size ofapproximately 500 bp (Table 2 and Fig. 3) . These large proteins react with both anti-cI and anti-,B-galactosidase antisera (Table 2 and Fig. 4) , consistent with the hypothesis that they are proteins ofthe general structure cI-eukaryotic piece-lacIZ. These five strains contain additional smaller proteins, the largest of which is approximately 20,000 daltons less than the initial cI-lacZ fusion protein of pMR200. This protein reacts positively with anti-/3-galactosidase antiserum but does not react with anti-cI antiserum. A protein with similar properties is also visible in the strain with pMR200. Two of the colonies (nos, 2 and 4) have properties suggesting that they are lacZ' revertants ofpMR100 generated by a deletion of perhaps 1 bp during cloning. Four of the colonies (nos. 7, 9, 10, and 11) contain only the smaller proteins larger than the cI-lacIZ fusion in pMR200. "Small" refers to a (B-galactosidase polypeptide 15,000-20,000 daltons smaller than the cI-lacIZ fusion in pMR200; none of these "small" proteins reacts with anti-cI-antibody.
(no. 7 is shown in Figs. 3 and 4) . The properties of these polypeptides are identical to those of the small protein of the other clones described above. The origin of this small protein is uncertain (see Discussion). reading frame = the probability that it is the correct length (1/3) x the probability that it is in the correct frame (1/3) x the probability that it has cloned in the correct orientation (1/2) = 5.5 x 10-2. The difference between these numbers suggests that an open reading frame clone from a 400-to 500-bp DNA insert can be considered with some confidence to 
DISCUSSION
The experiments presented here validate our initial hypothesis: a plasmid vector having a frameshift near the amino terminus of a gene that codes for a polypeptide with lacZ+ activity can be used to identify, clone, and express open reading frame segments of DNA. Although other methods are available to carry out these functions, they usually require detailed information, often at the DNA sequence level, about the gene or genes of interest. The value of the vector and approach described here is that no information need be known to clone and express fragments ofopen reading frame DNA from among a larger number of fragments.
The data presented have been chosen from a large number of similar experiments to illustrate some important features of the methodology. When shotgun-cloning random fragments of DNA, it is important to size the DNA carefully prior to ligation. Because the frequency ofrandom open reading frames increases in inverse proportion to DNA fragment size, the selection ofred colonies will also select for small DNA inserts, even if the average DNA size is quite large (data not shown). In the absence of any information about the DNA to be cloned in this way, we have chosen a DNA insert size of 400-500 bp. The probability that a random piece of DNA of length x is the correct size (3n Proteins from various sources were analyzed by protein blotting and antibody staining with anti-cI antibody (A) and anti-(3galactosidase antibody (B). Lanes: 1, pMR100; 2, pMR200; 3-9, clones 1 and 3-8, respectively (see Table 2 ). The arrow indicates the small protein discussed in the text. The additional smaller protein bands present in all lanes (except lane 1) are probably fusion protein degradation products that lack discrete portions from the carboxyl terminus, since these bands are visible with anti-cI antibody. (Fig. 4) . We expect this general approach to prove useful for a number ofpurposes. In addition to those described here, many of the fusion proteins generated in this or in a similar way may be antigenic and immunogenic. Large numbers of lack colonies could be selected on lactose minimal plates and screened with immunological reagents. Thus, it should be feasible to clone specific genes on this basis. The methodology should also serve as a rapid and convenient way to proceed in the opposite direction [i.e., from a gene (or a subgene region) to an antibody reagent directed against a portion of the proteins coded for by the starting DNA].
